Free methionine levels in rin and normal tomato fruits were determined microbiologically. Similar levels (1750 ,ug/100 g fresh weight) for mature green fruits of both rin and a normal isogenic line suggest that the lack of ripening of rin fruits is not due to low methionine levels. Methionine levels of mature green rin and normal fruits were 1750 ,lg/ 100 g fresh weight. Normal fruits ripened either on or off the vine were 2860 and 2500 ug/100 g fresh weight, respectively. The rin fruits which were left on the plant or held in air at 20 C until soft and yellow were significantly lower in methionine than C2H4-treated rin fruits or any normal fruits. Harvested rin and normal fruits held at 20 C in continuously applied ethylene (10 jdl/1) had higher methionine levels than comparable air controls; levels in treated rin fruits were significantly higher than those in normal fruits.
Although several substances have been proposed as precursors to ethylene in higher plants (7. 13, 15, 16) , present evidence favors the hypothesis that methionine is the primary precursor of ethylene (17) . Using "4C-labeled methionine on various positions, Lieberman et al. (8) showed that ethylene was derived from carbons 3 and 4 of methionine in apples. This was verified in banana (5) , tomato (9) , and avocado (3) fruits. Baur et al. (3) demonstrated that the levels of applied, labeled methionine in avocado fruits dropped 60% during the respiratory climacteric rise. Similar results were reported by Yu et al. (18) with endogenous free methionine in tomato fruits.
Although tomato fruits exhibit a respiratory climacteric rise, a mutant tomato fruit called ripening inhibitor (rin) has been developed that behaves like a nonclimacteric fruit and that produces very low amounts of ethylene (6, 1 0). McGlasson et al. (10) reported an increase in the respiratory rate of rin fruits treated with exogenous propylene (300-1000 ,ul/l), but the levels of endogenous ethylene remained very low. They also reported that the internal ethylene concentrations of attached mature green rin and normal fruits were similar.
Mizrahi et al. (I 1) partially ripened rin mutant fruits by treating them with Ethephon ([2-chloroethyl]phosphonic acid) or ethylene gas (170 ,ul/l) while the fruits were still attached to the parent plant. These rin fruits developed one-third of the total lycopene produced by normal ripening fruits of the cultivar Rutgers. The treated rin fruits softened and developed some tomato fruit flavor. This paper reports on the levels of free methionine in rin and 'This study was supported in part by funds from CONACYT (Mexican Government). (12) . Plants were pruned to two stems and staked. Two flowers were maintained per inflorescence and were tagged at anthesis. Mature green fruits were obtained from both lines 38 days after anthesis; in the field treatment, table ripe and yellow fruits were procured from normal and rin plants at 58 and 84 days after anthesis. Mature green fruits from both lines were green and had well developed gelatinous material around mature seeds. Table ripe normal fruits for all treatments had a uniform red color. Yellow rin fruits had a greenish yellow color. Deformation indicies (Instron Universal T.M.-full scale load 5 kg, load used for reading 2.5 kg, crosshead 2.5 cm/min, chart speed 100 cm/min; a CTM cell was used) (4) for MG,4 TR, and Y fruits were 2.45 ± 0.35 mm, 8.45 ± 0.33 mm, and 5.14 ± 1.5 mm, respectively. Whenever possible, fruits of similar size, color, and deformation indicies were selected for treatment comparisons. For postharvest treatments, MG fruits from both lines were held at 20 C in 17-liter glass containers which were ventilated with a humidified air stream that resulted in a build up of less than 0.25% CO2 in the effluent. Ten ul/l ethylene in air were applied continuously to all ethylene-treated tomatoes. Respiration (ml CO2 kg-1hr-') was monitored daily with a CO2 IR analyzer.
Procedures. Treatments and sampling times are shown in Figures 1 and 2 . Immediately after sampling, two replicate samples of 10 fruits each were frozen and broken into a fine powder with a wooden hammer. A 50-g subsample was subsequently extracted in boiling deionized H20, homogenized at high speed for 2 min in a VirTis blender, and centrifuged at 10,400g for 10 min at 1 C. The supernatant was passed through a Dowex 50-X8-100 (50-100 mesh) cation exchange column (H+ form); amino acids were eluted with 7 bed volumes of 0.8 N NH40H. The eluate was brought to dryness with a rotary flash evaporator, made to volume with deionized H20, and assayed for methionine microbiologically with Pediococcus cerevisiae ATCC No. 8042 (14) . Each sample was analyzed twice using turbidity (spectrophotometric) and acidity (titration) measurements. Similar trends were noted using both turbidity and acidity measurements. Data presented herein from two replicated experiments are based on acidity measurements since it measured a complete depletion of methionine in the media 3 days after inoculation. The per cent recovery of exogenously added methionine (1200 gg) using this technique ranged from 92 to 100%.
RESULTS
Field Ripening. Mature green fruits from normal and rin plants had similar levels of free methionine (Fig. 2) . Table ripe fruits from the normal line ripened on the plant 20 days after the MG sampling time and were higher in free methionine than MG fruits. Fruits from rin plants turned partially yellow and softened 46 days after sampling of MG fruits. Free methionine levels in these fruits were almost half the level of MG fruits of either line and were substantially lower than normal TR fruits.
Postharvest Ripening. Mature green normal fruits ripened to TR in 13 days when held at 20 C in humidified air. These ripened fruits had slightly higher levels of methionine than MG fruits. Methionine levels in rin fruits held under the above conditions for 13 days were lower than TR normal fruits and similar to untreated MG fruits from both lines. Methionine levels of yellow, soft rin fruits that had been held for 60 days at 20 C in humidified air were about half the level of MG fruits (Fig. 2) .
Ripening of normal fruits in the presence of applied ethylene took about 7 days. Free methionine in these fruits was higher than initial MG fruits and equal to TR fruits not subjected to ethylene. A sharp increase in free methionine was observed in rin fruits subjected to ethylene for 7 days. After 18 days in ethylene, the rin fruits were soft, yellow, and had methionine levels equivalent to the 7-day treatment and higher than MG fruits (Fig. 2) Contrary to our expectations, there were significantly higher methionine levels in fruits ripened on the vine than in those ripened in storage. Further investigations are needed to assess whether field conditions or the parent plant influence the methionine levels in vine-ripened fruits. In contrast to normal fruits, rin fruits left on the plant did not differ from those held in storage. This difference is probably due to the length of time fruits were exposed to field or storage conditions (46-60 days). In summary, we have presented preliminary evidence which suggests that free methionine levels are the same for MG rin and normal fruits and that free methionine does not appear to be the limiting factor for C2H4 production in rin fruits.
